WHAT'S KNOWN ON THIS SUBJECT: Kindergarten entry vaccination requirements are associated with higher coverage for early childhood vaccines.
School vaccination requirements have a long history in the United States dating back to 1855, when Massachusetts became the first state to require smallpox vaccine for school entry. 1 Over time, school requirements were expanded to include newly developed vaccines such as diphtheria-tetanus-pertussis and measles vaccines. Requirements for vaccination have proven effective in increasing vaccination coverage and decreasing vaccine-preventable disease in the targeted population. [1] [2] [3] [4] Although most school requirements target children entering kindergarten, many states have also implemented requirements targeting children entering middle school. At the start of the 2005-2006 school year, 36 states had vaccination requirements for middle school entry for hepatitis B vaccine and 22 had requirements for a tetanus booster. [5] [6] [7] Similar to the experience with kindergarten requirements, middle school requirements for a tetanus booster and hepatitis B vaccine led to rapid increases in coverage levels. [8] [9] [10] [11] [12] A 2004 study evaluating hepatitis B vaccination coverage among adolescents in 23 states found that middle school requirements were associated with nearly twice the rate of hepatitis B vaccination of those without requirements. 12 In addition, a 2007 study of adolescents with managed care insurance found that middle school vaccination requirements were the only state policy associated with higher coverage for both hepatitis B and varicella vaccines, whereas other policies including universal purchase of vaccines and availability of philosophical exemptions were not associated with higher coverage. 13 Education-only requirements are somewhat unique to middle school entry, although they are also common in college entry requirements. This type of requirement mandates that information about a particular disease and/or the vaccine that prevents it be distributed to parents, generally through the school system, although the distribution methods may vary. Educational requirements are sometimes pursued by states without vaccination requirements for a particular vaccine, although a state may have a vaccination requirement for 1 vaccine and an educational requirement for another.
From 2005 to 2007, new vaccines to protect against meningococcal disease; human papillomavirus (HPV); and tetanus, diphtheria, and pertussis were licensed by the Food and Drug Administration andaddedtothe recommended vaccination schedule for adolescents by the Advisory Committee on Immunization Practices (ACIP). [14] [15] [16] [17] Following ACIP recommendation of these vaccines, several states updated existing or introduced new vaccination or education requirements for 1 or more of these vaccines. Some requirements specify vaccine type, such as those requiring tetanus/diphtheria/acellular pertussis (TdaP) over the older tetanus/diphtheria (Td), whereas others simply require a tetanus booster. 3 We analyzed data from the 2008-2009 National Immunization Survey-Teen (NISTeen) to determine whether states with middle school entry requirements for Td or TdaP, meningococcal conjugate vaccine (MenACWY), and HPV (1) have higher vaccination coverage for the required vaccine(s) and (2) have higher overall vaccination coverage for all recommended vaccines. In addition, we evaluated if the timing and type of the recommendation had an effect on the change in vaccination coverage from 2008 to 2009 for the required vaccines.
METHODS

State Requirements
We reviewed data from the Centers for Disease Control and Prevention (CDC), 6, 7 Immunization Action Coalition, 5 In the case of any discrepancies among these sources, we consulted state public health Web sites for exact wording of requirements. We included requirements that required vaccination for school entry or required education of parents on Td or TdaP, MenACWY, and HPV vaccine. We included requirements that applied to grades 6 to 8 and did not include college entry requirements or requirements that did not apply to all students (eg, new entrants only, residential students only) in a given grade.
Survey Data
We analyzed data from the 2008-2009 NIS-Teen, which has been conducted by CDC since 2006 to estimate vaccination coverage rates for US adolescents aged 13 to 17 years. 19, 20 The survey was modeled after the National Immunization Survey 20 and reflects providerreported vaccination rates. The NIS-Teen uses random-digit dialing to survey parents in households with age-eligible adolescents and obtains consent to contact vaccination providers. An Immunization History Questionnaire is mailed to named providers. A single immunization history is constructed for adolescents with multiple providers. The NIS-Teen was approved by the CDC' s Institutional Review Board.
Analysis of NIS-Teen data is limited to adolescents with a completed household interview and adequate vaccination history information from the vaccination provider(s) to determine whether the adolescent was up-to-date (UTD) with respect to the recommended vaccination schedule. All estimates are weighted to adjust for nonresponse. The National Immunization Survey weighting methodology has been described previously. 19 Table 2 displays the percentage of adolescents UTD with vaccination(s) by state requirement status. School entry vaccination requirements were associated with significantly higher coverage for Td/TdaP (P , .0001) and MenACWY (P , .0001) vaccines. Additional evaluation of tetanus-containing requirements found that states with TdaP-specific requirements had significantly higher TdaP coverage than states with Td-containing or no requirements (64.0% vs 55.9% vs 49.2%, respectively; P , .0001). No association was found between requirements for parental education and coverage levels for MenACWY and HPV vaccines. States with at least 1 requirement for receipt of Td/TdaP, MenACWY, and/or HPV vaccine (adolescent girls only) (n = 32) at middle school entry had significantly higher overall coverage for all 3 vaccines than states with educational requirements only (n = 7) (P , .0001) but coverage levels were not significantly different from states with no requirements. To determine if results varied by age, analyses were repeated for 2 age groups: 13 to 15 years and 16 to 17 years. Results for both age groups followed a similar pattern as seen for the overall sample (data not shown). 
Among the vaccines studied, requirements for a tetanus booster were more frequent and had been in place the longest given that Td had been recommended for adolescents before the licensure of TdaP. Vaccination coverage with $1 doses of Td/TdaP was 10 percentage points higher among states that had a Td/TdaP requirement in comparison with states with no requirement. Vaccine specificity was also found to be important as coverage with TdaP was 8 percentage points higher among states with a TdaP-specific requirement in comparison with states that did not specify TdaP in their requirement. The importance of vaccine specificity in the tetanus booster requirement may lessen over time given several factors. When TdaP was first licensed, the ACIP recommended that persons who previously received Td wait 2 to 5 years before receiving TdaP; thus, some adolescents included in the 2009 NIS-Teen who had received Td may not have been eligible to receive TdaP. Recently, the ACIP removed the 2-to 5-year interval and now recommends that providers do not wait to administer TdaP. 21 Because the majority of adolescents who received a tetanus booster since 2006 have received TdaP, 22 even if Reasons for this low rate of success for proposals include the high cost of the 3-dose vaccine series, sexual transmission of the virus, and lack of public support for a requirement. 39 In the absence of school requirements for HPV vaccine, identifying effective strategies to increase initiation and completion of the HPV vaccine series will be necessary. 5, 18, 40 We will continue to monitor the impact these requirements have on coverage. According to an article in The New York Times (Science: February 2, 2012), one possible outcome may be that mammals will become smaller. Scientists studied the fossil record of the Sifrhippus, the first horse, in the Bighorn Basin of Wyoming. The horse roamed the area approximately 56 million years ago and survived the Paleocene-Eocene thermal maximum period: a 175,000-year time period in which ambient temperatures are thought to have risen by 9 to 18 degrees Fahrenheit before dropping at the end. The fossil record of the Sifrhippus is extensive and quite well preserved, showing that over the first 130,000 years of this warming period the horse shrank in size almost 30% (dropping from an average weight of 12 to eight and a half pounds). During the next 45,000 years, as the temperatures cooled, the average weight shot up and approached 15 pounds. Some scientists theorized that the most likely explanation for the shrinkage was natural selection driven by the warming trend. One hypothesis is that smaller animals do better in warmer climates because it is easier for small animals to shed heat. Other scientists dispute the findings, suggesting that the warming trend and changes in the ecosystem led smaller animals to migrate to different locations. Still, the findings seem to fit with Bergmann' s rule, which holds that mammals of a particular species tend to be smaller in hotter climates. How applicable the findings are to modern mammals is unclear. After all, the changes in the Sifrhippus took place over thousands of years. Still, the study is a reminder how interconnected all living creatures are with nature.
